Group 4 metal complexes containing the di(tert-butyl)cyclopentadienyl ligand (l,3-tBu2-r/5-CsH3) have been synthesized. The reaction of a mixture of 1,3-and 1,4-di(tert-butyl)cyclopentadiene isomers with KH in THF at -78°C gives the salt K+ [(1, ]-(THF)I_3 2 as a white solid. Treatment of 2 with chlorotrimethylsilane in a 1:1 molar ratio gives the air-stable trimethylsilylcyclopentadienyl derivative Si(1,3-tBu2C5H3XCH3)3 3. The silyl derivative 3 is an excellent precursor for monocyclopentadienyl trichlorotitanium and zirconium compounds M (28)] as yellow oils which can be stored for weeks under an inert atmosphere. When the same reactions of (14) and (26) with B(C6Fs) 3 are carried out in a 2:1 molar ratio at room temperature, the complexes (29), Hf (30)] can be obtained as a mixture of syn-and anti-isomers as shown by NMR spectroscopic observations. The formation of (29) and (30) implies the stabilization of the 14-electron cationic intermediate by interaction with one methyl group of the neutral complexes (14) and (26). Complexes (27) and (28) undergo heterolytic dissociation of the Metal-MeB(C6Fs) 3 bonds, leading to the formation of the free [M(I,3-tBu2-r/5-CsH3)(r/5-CsHs)(CH3)] + 14-electron species, verified by 1H DNMR spectroscopy. When compound (27) was heated at 50°C the metallacyclic cation [Zr(1-tBu-3-CMezCH2-@-C5H3)(@-CsHs)] + (31) was formed. The alkyl derivatives synthesized and reported herein, activated with * Corresponding author. l X-ray diffraction studies.
Introduction
Group 4 metallocene derivatives have been widely used in recent years as homogeneous catalysts for olefin polymerization [1] . It is now widely accepted that the active intermediates in this process are coordinatively unsaturated 14-electron cationic alkyl species [MCp2R] ÷ (M=Ti, Zr; Cp= substituted or unsubstituted 775-cyclopentadienyl ligand; R = alkyl group) [2] . These complexes can be generated in situ in the presence of the olefin, resulting in polymerization, or stabilized either by coordination of a donor ligand [3] or through cation-anion contact interactions [4] . Nevertheless, to the best of our knowledge, these compounds have seldom been directly observed as pure 14-electron base-free species [5] .
Investigations have subsequently revealed a direct dependence of the activity and stereoselectivity of the polymerization process on the coordination geometry of the metal center of a particular catalyst. Particularly interesting is the effect of the substituents in the cyclopentadienyl ligands [6] , which has stimulated considerable efforts to develop catalysts able to produce polymers with special properties and to find models to study the different steps of the olefin polymerization process.
Less saturated and sterically less hindered monocyclopentadienyl complexes have not been so extensively studied, although they also behave as useful catalysts particularly for styrene polymerization [7] . 1,3-Di(tertbutyl)cyclopentadienyl is a convenient bulky ligand to obtain scarcely active titanocene and zirconocene complexes which can be used to carry out NMR studies of polymerization intermediates.
In this paper we report the preparation of the reagents K+[ (1,3- 
tBu2CsH3)]-(THF)I_3
2 and Si(1,3-tBu2CsH3XCH3)3 3 used to transfer the di(tertbutyl)cyclopentadienyl ligand for the synthesis of neutral and cationic titanium, zirconium and hafnium complexes. We herein describe the synthesis of monocyclopentadienyl trichloro, dioxo-chloro and dimethylchloro titanium derivatives, and the mixed dicyclopentadienyl chloro-alkyl, dialkyl and metallacyclic titanium and zirconium complexes, along with the synthesis of cationic titanium, zirconium and hafnium derivatives.
Results and discussion

Neutral complexes
The reaction of a THF solution containing a mixture of 1,3-and 1,4-di(tert-butyl)cyclopentadiene [8] 1 with KH at -78°C gave the K+(1,3-tBu2CsH3)-(THF)I_3 2 salt as a white solid. When a hexane suspension of 2 was treated with chlorotrimethylsilane in a 1:1 molar ratio, the air-stable trimethyl[2,5-di(tert-butyl)cyclopentadienyl]silane derivative 3 was obtained as a yellow oil soluble in hexane (Scheme 1).
The 1H NMR spectrum of 2 in ds-pyridine indicates the coordination of three molecules of THF which were partially eliminated when the solid was maintained overnight under vacuum.
The 1H NMR spectrum of 3 is temperature dependent and shows the expected sigmatropic rearrangement [9] leading to the interconversion of isomers (a) and (b) in the NMR time scale (Scheme 1). At -50°C (500 MHz) the l H NMR spectrum in toluene-d 8 shows two signals for the tert-butyl protons, one singlet for the methyl-silyl ff~foups along with one singlet and one AB spin system ( Ja-H = 1.5 Hz) for the ring protons, which corresponds to isomer (b) (> 90%), whereas at room temperature only one singlet (18H) for the tert-butyl protons, two very broad and one broad signals for the ring protons are observed.
Reaction of 3 with MC14 in toluene or hexane at room temperature provides a route to the monocyclopentadienyl trichlorometal complexes M(1,3-tBu2 -~/5-C5H3)C13 [M = Ti (4), Zr (5)] [10] .
Addition of a stoichiometric amount of water, in the presence of NEt 3, to a toluene solution of 4 afforded the /x-oxo trimer [Ti(1,3-tBu2-r/S-CsH3)Cl(/x-O)]3 6 in a diastereoselective way (Scheme 2). Attempts to hydrolyze the remaining Ti-CI bonds by further addition of water were unsuccessful, indicating that the bulky tertbutyl substituents hinder the approach of the reagent.
The ~H NMR spectrum of 6 at room temperature in
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CrD 6 shows the presence of three singlets for the tert-butyl protons along with one ABC and one ABB' spin system (1:2 ratio) for the cyclopentadienyl ring protons, in agreement with the meso structural disposition shown in Fig. I(A) containing two inequivalent types of cyclopentadienyl ring, with a structure similar to those previously reported for [Ti(CsHs_,Me,)X( gt-0)] 3 (X = C1 [11] , Br [12] and Me [13] ). The cyclopentadienyl ligand located in anti position gives one singlet for both equivalent tert-butyl groups (18H) and one ABB' spin system for the ring protons ( Fig. I(B) ), whereas the two equivalent enantiotopic cyclopentadienyl groups occupying syn positions and bonded to chiral titanium centers show two inequivalent tert-butyl groups and ring protons corresponding to an ABC spin system ( Fig. I(C) ).
When a hexane solution of 4 was treated at -30 °C, with 2equiv. of LiMe, the chloro dimethyl complex Ti(1,3-tBu2-~75-CsH3)Cl(CH3)2 7 was isolated as an orange oil, after filtration and evaporation of the solvent. The same reaction with MgC1Me or MgC1Bz produced a mixture of compounds which could not be resolved Complexes 7-16 were characterized by their analytical composition and NMR spectroscopy. The I H NMR spectra of compounds 7-9 and 13-16 show one singlet for the tert-butyl protons, one signal for the CsH 5 protons and one AK B spin system [one pseudo-doublet (2H) and one pseudo-triplet (1H)] for the cyclopentadienyl ring protons (Fig. 2(A) ). The expected resonances for the alkyl groups bonded to the metal center are also observed (see Section 3). The methylene protons of the benzyl and neophyl groups appear as an AB spin system at ~av. = 2.02 (2j = 6.4Hz) in complex 15 and at 6 = 0.66 and 1.56 (2j = 12.4Hz)in complex 16 (Fig. 2(B) ).
The 13C-tH NMR spectrum of 16 shows two signals (6 35.3 and 35.6) for the methyl carbons of the neophyl ligand.
The chiral character of the metal center in compounds 10-12 makes both tert-butyl groups and the cyclopentadienyl protons of the 1,3-tBuz-~/LCsH3 ligand inequivalent, their X H NMR spectra showing two singlets and one ABC spin system respectively. The presence of an AB spin system at 6av .-2.46 for the methylene protons in compound 12 also indicates its chiral character.
Whereas compounds 13-16 can be obtained as pure samples in the solid state and characterized by analytical methods, the related dibenzyl and dineophyl titanium derivatives could not be obtained by treatment of 8 with 2equiv. of MgBz2(THF): or LiCH2CM%Ph.
Instead, the formation of toluene or tert-butyl benzene was observed and the ring methyl-metallated complexes Ti(1-tBu-3-CH2CMe2-,/LCsHa)(CsHs)R [R = Bz (17); Nf (18) ] were isolated as red oils at room temperature (Scheme 2). The metallacyclic complexes result from the intramolecular activation of one of the cyclopentadienyl-bonded tea-butyl groups with elimination of the corresponding hydrocarbon [14] . This behavior is consistent with the higher steric requirement of the bulkier benzyl and neophyl substituents bonded to the smaller titanium centre. Complexes 17 and 18 exhibit a highfield shifted AB spin system in the ~H NMR for the diastereotopic metallacyclic methylene protons [8 -2.05, -0.57 (JH_H = 9.9 Hz) (17) and -2. ,0(2)
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Cpl is the centroid of C(11)...C(15); Cp2 is the centroid of C(21)... C(25); Cp3 is the centroid of C(31)... C(35).
Crystal structure of complex [Ti(1,3-tBu2-@ -C5H,)Cl( tx-O)l 3 6
The molecular structure of complex 6 was determined by X-ray diffraction methods. Fig. 3 shows an ORa'EP drawing of the molecular structure along with the atomic labeling scheme used. Selected bond distances and bond angles are listed in Table 1 .
The molecular structure shows a cyclic trinuclear system consisting of three ' " t 5 , Tl(1,3-Bu2-~ 7 -C5H3)C1 units bonded by oxygen bridges. Each titanium shows a three-legged piano stool coordination, where the legs are formed by the chlorine and the two oxygen atoms. With respect to the central ring, two (1,3-tBu2-r/5-CsH3) rings are located above and the other one below the mean plane, with the opposite disposition for the chlorine atoms. These structural features are similar to those previously reported for the complexes [TiCp * C10]3 [11] , [Tifp*BrO] 3 [12] or [TiCp*MeO] 3 [13] (Cp* = CsHs_,Me,), but in contrast, the central ring for compound 6 shows a 'chair' configuration ( Fig. 3) , instead of the 'boat ' or 'semi-boat' disposition found in the other cases [11, 12] .
The Cp-centroid, Ti-O, Ti-C and C-C distances and the corresponding angles are unexceptional.
If we consider the plane defined by Ti(1), Ti(2), 0(1) and O(2), the 0(3) atom is located 0.317 ,~ above it and Ti(3) is 0.274 ,~ below in order to minimize the interactions between the bulky Cp rings and the central ring. Also related to this feature are the deviations of the central carbon of the ten-butyl groups from the Cp ring plane observed in compound 6. In all the cases these carbon atoms are above this polane with distances ranging from 0.111 ,~ to 0.254A. The greatest distance corresponds to C(lll), for which one of the carbon atoms of its methyl groups is located 3.278 A from 0(2).
Cationic complexes
Following a well known and extensively used method, the cationic mono The 1H NMR spectra of both compounds show equivalent methyl metal bonded groups as one triplet at 0.91 (3Jrt_ P = 9.0Hz) (24) and 0.86 (3JH_ P = 5.4Hz) (25) . The 13C{1H} NMR spectrum for compound 24 shows one triplet at ~ 74.9 (2Jc_ P = 9.9Hz) for the titanium methyl bonded groups due to coupling with two equivalent cis 31p nuclei. These data are in agreement with a pseudo-square pyramidal arrangement with the cyclopentadienyl ring occupying the axial position and the two methyl groups and two phosphine ligands located in the square base with a trans configuration (Scheme 4).
Complexes 20 and 21 are formally 12-electron systems, whereas 24 and 25 are 14-electron species. Several [M(CsHs_,Me,)(R)2(L),] + complexes have been reported [15] [16] [17] [18] , showing different structural dispositions. The 14-electron complex [Zr(CsMes)(CH3)2(THF)2] + adopts the same fourlegged piano-stool structure with cis CH 3 groups, w hereas the 1 6-electron com pound [Zr(CsMes)(CH3)2(dmpe)(THF)] + has a distorted octahedral structure with equatorial/axial coordination of the dmpe ligand trans to the phosphine ligand and the CsMe 5 ring, and the two mutually trans CH 3 groups occupy the other two equatorial positions [15] . Similar [M(CsMes)(CHa)E(PMe3)2] + (M = Ti, Zr, Hf) cations have only been spectroscopically identified [18] , showing the same spectroscopic features observed for 24 and 25. When R is benzyl, formally 12-and 14-electron THF complexes, [Zr(CsMes)(CH2Ph)2(THF)] + [15] , and [Zr(CsRs)(CH2Ph)2(THF)2] + (R=H, Me) [17] have been reported, for which ~" interactions of the benzyl ligand with the zirconium atom have been proposed.
The related dicyclopentadienyl-type cationic complexes were prepared by reaction in toluene at room temperature of the dimethyl derivatives M(1,3-tBu2-7/5-CsHa)(CsHs)(CH3) 2 (M = Zr (14) These data are in agreement with the chiral character for the metal center at low temperature and dynamic behavior consistent with the loss of this chiral character at high temperature. A possible explanation of these features could be a typical intramolecular exchange between two sites of the same population. Table 2 summarizes the kinetic parameters for these exchange processes obtained by temperature dependence of life time values r, calculated by using line shape analysis (DNMR5 program).
The obtained Arrhenius and Eyring plots are characterized by a reliable correlation parameters (r > 0.999) for nine experimental points in all cases. However, these kinetic data are not consistent with any exchange between two positions, since both tBu groups and the H b protons of the substituted C3HstBu2 ring should reflect the same process, and must be characterized by the same values of kinetic parameters.
According to the DNMR theory [14] one of the probable explanations for the observed dynamic be- Table 2 Kinetic parameters of two sites mutual exchange between tBu groups and H b protons for complexes (27) and (28) haviour may be the exchange of three NMR sites with the third position characterized by a very low population. We have studied theoretically by DNMR5 program the exchange between two nonequivalent tert-butyl groups in (27) and (28) with the equivalent tert-butyl groups in a third system with 3% population. These computer-simulated experiments showed very good agreement between the theoretical and experimentally observed spectra. Moreover, the results of this calculation show a very large line width at the third position, including in the slow exchange region, making impossible the direct observation of the corresponding signal in the NMR spectra, when the reaction is carried out in a 1:1 molar ratio. This third NMR position could be considered as the complexes (14) and (26), involving a B-C bond homolytic dissociation or the base-free 14-electron species [M(1,3-tBu2-r/5-CsH3)(CsHs)(CH3)] + generated by heterolytic dissociation of the M-C bond [20, 21] .
To check these possibilities, the reactions of B(C 6F5)3 with an excess of the complexes (14) and (26) were carded out. The presence of (14), (27) and (26), (28) was not observed in the 1H NMR spectra of the final product of such reactions. The 1H NMR spectra in toluene-d 8 at -50°C show the formation of new cationic dimer species (29) and (30) methyl bonded to boron were detected (see Section 3) in the I H NMR spectra in toluene-d 8 at -50 °C.
Complexes (29) and (311) can be considered as containing a 14-electron cationic fragment [M(1,3-tBu2-r/5-CsHa)(CsHs)(CH3)] + stabilized by adduct formation with one molecule of the neutral dimethyl metallocene complexes M(1,3-tBu2-r/5-CsHa)(CsHs)(CH3)2 as ligands [22] .
The structural behavior observed can be explained by the reactions shown in Scheme 6.
The reactions of complexes (14) and (26) with B(C6Fs) 3 led to the contact ion pair disposition (A) for (27) and (28) in which the metal-MeB(C6Fs) 3 bond dissociates heterolytically, giving the base-free 14-electron cations [M(1,3-tBUE-7/5-CsH3)(CsHs)(CH3)] + shown for (B), which are stabilized by interaction with one methyl group of the neutral complexes (14) and (26) .
These results agree with the formation of a base-free [MCP2R] + 14-electron species [5] , which is believed to be the active species in homogeneous Ziegler-Natta polymerization of a-olefins. The base-free complex [Zr(F6-acen)(CHECMe3)] + has been recently reported [23] . These chemical data also confirm the dynamic behaviour observed in the DNMR spectroscopic studies.
Compound (27) decomposes when heated at 50°C via the formation of the ring methyl-metallated cation [Zr(1-tBu-3-CMe2CH 2-~/5-C 5 H 3)(~/5-C 5 H 5)] ÷ (31) (Scheme 7).
Apparently, the metallacyclic complex results from the intramolecular activation of one C-H bond of the cyclopentadienyl-bonded tert-butyl group with elimination of methane [14] . Formation of (31) was shown by the presence of two doublets at 6-0.11 and -1.67 (JH-H = 12Hz) in the 1H NMR spectrum in C6D6, assignable to the AB spin system corresponding to the methylene protons of the metallacyclic ring. The protons of the normal tert-butyl group appear as one singlet at 6 0.62 whereas the methyl protons in the activated tert-butyl group give two singlets at 6 0.85 and 1.30. One singlet at 6 5.59 for the r/5-CsH5 ring and the ABC spin system of the substituted tert-butyl ring are observed. The presence of methane was detected in the 1H NMR spectrum. A similar C-H activation process was also observed at 50 °C for the hafnium compound (28) followed by its decomposition to give unidentifiable products. 
Experimental section
All manipulations were performed under argon using Schlenk and high-vacuum line techniques or a glovebox model MBraun. Solvents were purified by distillation under argon from an appropriate drying agent (sodium for toluene, sodium-potassium amalgam for hexane and sodium-benzophenone for diethyl ether). [19] , tBu2(CsH4) [24] , Mg(CH2Ph)z(THF)2 [25] , TI(CsH 5) [26] , B(C6F5) 3 [27] were prepared as described in the literature. Electron impact (EI) mass spectra were recorded at 70eV on a Hewlett-Packard 5890 spectrometer, only selected MS are reported. NMR spectra were recorded on a Varian . , , | Unity 300 and Varlan Unity 500-Plus spectrometers. H and ~3C chemical shifts are reported in ~ units relative to TMS standard, 31p chemical shift was referenced to 85% H3PO 4. C and H microanalyses were performed on a Perkin-Elmer 240B microanalyzer. (The chloro alkyl derivatives 111-12, the compound 18 and the cationic complexes were slightly impure even after several recrystallizations. None of them could be correctly characterized by elemental analysis.)
Synthesis of K(1,3-tBue C 5 H 3 )(THF) e 2
HtBuzCsH3 1 (24.11 ml, 113.58mmol) was added at -78°C under argon to a suspension of KH (5g, 124.65mmol) in THF (400ml). The reaction mixture was slowly warmed to room temperature and stirred for 24h to give a white suspension. The solution was filtered leaving a white solid which was washed with dry hexane (3 × 100ml) and characterized as 2 (22. 
Synthesis of Si(tBu2CsH3)Me3 3
rated under vacuum to leave an orange oil which was characterized as 7 (0.45 g, 80% yield). Anal 
Synthesis of Ti(1,3-'Bu2-T15-Cs H3 )( rl5-Cs H5 )CI2 8
SiC1Me 3 (21.52ml, 0.17 tool) was added at 0°C under argon to a suspension of K(1,3 -t Bu2CsH3)(THF) 2, 2, (24.57 g, 113.58 mmol) in hexane (300m l). The reaction mixture was stirred for 2 h and then slowly wanned to room temperature. After filtration, the solvent was evaporated under reduced pressure to give a yellow oil which was characterized as 3 (32ml, 90% yield). Anal. Calc. 
Synthesis of [Ti(1,3-tBu2-Tq5-CsH3)ClO]3 6 3.6. Synthesis of Zr(1,3-tBu2-T15-Cs H3 )(rl5-C5 H5 )Cle 9
0.2ml (11 mmol) of H20 and 1.67ml (12.12mmol) of NEt 3 were added to a solution of Ti(1,3-tBu2-7/5-C5H3)C13, 4, (2g, 6.06mmol) in 30ml of CH2C12, at room temperature, by syringe. The solution was stirred for 24h, filtered, and the solvent was evaporated under vacuum to leave a yellow solid which was characterized as 6 (1.31 g, 80% yield). Anal 
Synthesis of Ti(I,3-tBu2-~75-C5H3)C1Me2 7
A 1.6 M solution of LiMe in diethyl ether (2.42 ml, 3.88mmol) was added to a hexane (30ml) solution containing Ti(1,3-tBu2-~75-CsH3)C13, 4, (0.65g, 1.95 mmol) at -40°C. The reaction mixture was stirred for 4h and warmed to room temperature to give an orange solution. After filtration, the solvent was evapo- 
Synthesis of Ti(1,3-'Bu2-~5-C5H3)(~5-C5Hs)CIMe 10
A 2M solution of A1Me 3 in toluene (0.49ml, 1.47mmol) was added to a solution containing Ti(1,3-tBu2-r/5-CsH3)(r/5-CsHs)C12, 8, (0.3g, 0.83mmol) in dichloromethane (30 ml), at 0 °C. The reaction mixture was stirred for 2 h and was then slowly warmed to room temperature and stirred for 30rain. The solvent was removed in vacuo and the residue recrystallized from dichloromethane-diethyl ether at -30 °C, to give a red microcrystalline solid which was characterized as 10 (0.24g, 85% yield). 1H NMR (300MHz, benzene-d 6, The same procedure described to prepare 10 using Zr(1,3-tBu2-*/5-CsH3)(~75-CsHs)C12, 9 (0.25g, 0.61mmol) and a 2M solution of A1Me 3 in toluene (0.37ml, 0.74mmol), gave 11. 1H NMR (300MHz, benzene-d 6, 25°C): 6 1.01 (s, 9H, tBu); 1.06 (s, 3H, Zr-Me); 1.15 (s, 9H, tBu); 5.60 (m, 1H, C5H3); 6.02 (s, 5H, C5H5); 6.09 (m, IH, C5H3); 6.22 (m, 1H, C5H3).
Synthesis of Zr(1,3-tBu2-Tl5-CsH3)(rl 5-CsHs)CI(CH2Ph) 12
The same procedure described for the preparation of 13 using Zr(1,3-tBu2-y/5-CsH3)('r/5-C5Hs)C12, 9, (1 g, 2.47 mmol) and 1.6 M solution of LiMe in diethyl ether (2.47ml, 3.95mmol) gave a white solid which was characterized as 14. (0.89g, 100% yield) A 2M solution of MgC1Bz in THF (1.35ml, 2.71 mmol) was added to a solution containing Zr(1,3-tBu2-7/5-C5H3)(r/5-CsHs)C12, 9, (lg, 2.47mmol) in hexane (50m 1), at -40°C. The reaction mixture was stirred for 3 h and then slowly warmed to room temperature. After filtration, the solvent was removed in vacuo to give an orange solid. Recrystallization from hexane at -30°C gave an orange solid which was characterized as 12 ( 
Synthesis of Ti(1,3-'Bu2-rls-CsH3)(TlS-CsHs)Me2 13
A 1.6M solution of LiMe in diethyl ether (1.08ml, 1.74mmol) was added to a solution containing Ti(1,3-tBu2-r/5-CsH3)(~75-CsH5)C12, 8, (0.3g, 0.83mmol) in hexane (30m l), at -78 °C. The reaction mixture was stirred for 4 h and warmed to room temperature to give a red solution. After filtration, the solvent was removed under vacuum to leave a red oil which was characterized as 13 (0.21 g, 80% yield). Anal 
Synthesis of Zr(1,3-tBu2-~qS-CsH3)(rl 5 C5H5)(CH2CMe 2 Ph) 2 16
The same procedure described for the preparation of 15 using Li(CH2CMe2Ph) (0.50g, 3.56mmol) and Zr(1,3-tBu2-r/5-CsHa)(~/5-CsHs)C12, 9, (0.68g, 1.69mmol) in hexane (30ml) at -78°C, gave 16 as a yellow solid. (0.91g, 90% yield) [Ti(1, 
Crystal structure determination of
nS-C, H3)CI( ~-OI3 6
A suitably sized yellow crystal of 6 was obtained by crystallization from hexane. The crystal was mounted in an Enraf-Nonius Cad-4 automatic four circle diffractometer, with graphite-monochromated MoKo~ radiation (A = 0.71073 A). Crystallographic and experimental details are summarized in Table 3 . Data were collected at room temperature. Intensities were corrected for Lorentz and polarization effects in the usual manner. No absorption or extinction corrections were made. The structure was solved by direct methods (SHELXS 90) [28] and refined by least squares against F 2 (SHELXL 93) [29] . All non-hydrogen atoms were refined anisotropically and the hydrogen atoms were introduced from geometrical calculations and refined using a riding model with thermal parameters equivalent to those of the carbon to which they are bonded. Calculations were carded out on an Alpha AXP(Digital) workstation.
Supplementary material
The supplementary material available includes a complete list of bond distances and angles, anisotropic thermal factors, the calculated fractional coordinates of the hydrogen atoms, and a list of observed and calculated structure factors and DNMR study data about the cationic species.
